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Summary
Despite a large body of research in non-human primates, the relationship between naturalistic patterns of
social behaviour and basal cortisol levels has been understudied in humans. The present study examined
the relationship between patterns of interpersonal functioning and cortisol levels in 23 offspring of parents
with bipolar disorder (BD), at high risk for the development of an affective disorder, and 22 offspring of
parents with no affective disorder (controls) in late adolescence and young adulthood. Using eventcontingent recording, participants rated their dominance, submissiveness, quarrelsomeness, and
agreeableness in naturally occurring social interactions over 14 consecutive days and provided salivary
cortisol twice daily in the afternoon over the same period. In the full sample, multilevel modeling
analyses revealed that dominance was a significant positive predictor of afternoon basal cortisol levels,
t(35) = 2.58, p < 0.05. Moreover, risk group (having a parent with BD or parents with no affective disorder)
significantly interacted with mean levels of quarrelsomeness to predict afternoon cortisol levels, t(29) =
2.06, p < 0.05. Offspring of parents with BD who reported more frequent quarrelsome behaviours
exhibited lower levels of afternoon cortisol relative to high-risk offspring reporting few quarrelsome
behaviours and control offspring. The results are consistent with evidence that dominance is associated
with high cortisol levels in an unstable environment, and suggest that quarrelsomeness among high risk
youth contributes to altered hypothalamic—pituitary—adrenal activity.
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1. Introduction
Poor interpersonal functioning has been identified as an important factor in the pathogenesis of various
disease states and mental illness (Holt-Lunstad et al., 2010; Patterson and Veenstra, 2010), particularly for
the affective disorders (Hirschfeld et al., 2000; Hammen and Cohen, 2004; Eberhart and Hammen, 2006).
Researchers have attempted to identify mechanisms that underlie the association between social factors
and health outcomes (Norman et al., 2012). Accordingly, particular attention has been paid to the
relationship between interpersonal behaviour and the functioning of the hypothalamic—pituitary—
adrenal (HPA) axis. Among nonhuman primates, social submissiveness has been associated with higher
basal cortisol levels (Abbott et al., 2003) and increased cortisol reactivity to a pharmacological challenge
(Czoty et al., 2009).
The relationship between submissive behaviour and elevated cortisol levels has been partially
corroborated among humans. A significant positive relationship between social submissiveness and basal
cortisol levels has been identified among Dominican men living in a pre-industrial society (Decker, 2000)
and among individuals who are bullied in the work place (Kudielka, 2004). Similar findings have been
reported in children (Gunnar et al., 2003). At the beginning of the school year, children with dominant
traits secrete higher basal cortisol levels as they clash with one another to establish social standing.
However, later in the school year, shy children with submissive traits are victimized by peers and exhibit
higher basal cortisol levels (Gunnar, 1994). Accordingly, elevated cortisol levels have been reported in

both behaviourally inhibited and shy children (Kagan et al., 1988; Schmidt et al., 1997), both of whom
are at risk for the development of social phobia (Hirshfeld-Becker et al., 2007).
Links between cortisol levels and interpersonal behaviours have also been found in studies of
externalizing problems in children and adolescents (Virkkunen, 1985; Holi et al., 2006; Alink et al.,
2008). A negative association between basal cortisol levels and disruptive behaviours has been observed
among some clinical samples (i.e. disruptive behaviour disorder or conduct disorder; Pajer et al., 2001,
2006; Popma t al., 2007), but not others (Azar et al., 2004). Studies of aggression and delinquency
conducted among non-clinical samples have also varied considerably (Alink et al., 2008), with reports of
an inverse association between basal cortisol levels and aggressive behaviours in some studies (Shoal et
al., 2003; Loney et al., 2006; Haltigan et al., 2011), but not in others (Gerra et al., 1997; Klimes-Dougan
et al., 2001). Overall, the conflicting results render it challenging to draw any strong conclusions
regarding the relationship between HPA activity and disruptive behaviours in adolescence and young
adulthood.
Some of the inconsistencies in the literature may be related to methodological issues. Studies of cortisol
and interpersonal behaviour have varied greatly in research design (i.e. number of samples and time of
day). Because the HPA axis is highly sensitive to environmental (i.e. physical activity; van der Pompe et
al., 1999) and psychological factors (i.e. anticipatory appraisal; Gaab et al., 2005), the collection of small
numbers of samples is susceptible to the influence of confounds and therefore may not reflect true basal
cortisol levels. Cortisol levels have been seldom measured repeatedly over the course of multiple days to
control for day to day variations in HPA activity. Differences in how interpersonal behaviours are
assessed may also alter the relationship between basal cortisol levels and disruptive behaviours. Research
in this area has focused exclusively on questionnaires and laboratory observations, which can lead to
differences in reported levels of disruptive behaviours (McEvoy et al., 2003). Thus, methodological
variations in this literature may be central to the reported discrepancies described previously.
The present study, as its primary aim, intended to improve on the methodology of past studies of cortisol
and social behaviours by examining interpersonal behaviours using an event-contingent recording method
developed by Moskowitz (1994). Event-contingent recording is a reliable and validated method in which
participants record their behaviours and affect as they occur in the natural environment (Reis and Gable,
2000). Interpersonal behaviours are measured along two independent axes of behaviour. The ‘‘status’’
axis encompasses submissive and dominant behaviours whereas the ‘‘affiliation’’ axis includes
quarrelsome and agreeable behaviours. The two axes are not significantly correlated with one another,
and each end point of the axis represents an independent measure of social behaviour (Moskowitz, 1994).
A major advantage of this technique is that it is not subject to the retrospective biases associated with
selfreport questionnaires (Reis and Gable, 2000).
The relationship between event-contingent-recordings of social behaviour and afternoon cortisol levels in
the natural environment, assessed during two weeks of daily sampling, was examined among adolescents
and young adults having either a parent with bipolar disorder (BD) or parents with no affective disorder
selected from a larger longitudinal study (Ellenbogen and Hodgins, 2004). The offspring of parents with
BD are at high risk for the development of major affective disorders and other mental disorders (Lapalme
et al., 1997; Birmaher et al., 2009), and therefore represent a unique opportunity to study the antecedents
of affective disorders. In the present sample, we found no robust differences in interpersonal functioning

in the natural environment between the offspring of parents with BD and the offspring of parents with no
affective disorder, despite higher self-report ratings of externalizing behaviours among high risk offspring
relative to controls (Linnen et al., 2009). The offspring of parents with BD, however, had higher cortisol
levels in the afternoon over a 14-day period than the control offspring (Ellenbogen et al., 2010b), similar
to a previous finding (Ellenbogen et al., 2006a). In the present study, we explore the possibility that high
cortisol levels in the offspring of parents with BD may be related to interpersonal difficulties in the
natural environment. We have recently shown, in a different data collection, that the offspring of parents
with BD were more biologically sensitive to interpersonal stressors in the natural environment than the
offspring of parents with no affective disorder (Ostiguy et al., 2011). The offspring of parents with BD
secreted higher levels of cortisol in the afternoon when exposed to severe interpersonal stressful life
events, relative to high risk offspring exposed to less severe stress and the control offspring. Thus, as a
secondary goal, the present study tested whether high risk offspring are more biologically reactive to
interpersonal difficulties in the natural environment than control offspring.
Three hypotheses were put forth. First, in light of evidence that social submissiveness has been associated
with heightened HPA activity, we expected to find a significant positive relationship between mean levels
of submissive behaviour and basal cortisol levels in the afternoon. Second, we predicted a significant
negative relationship between mean levels of quarrelsome behaviour and afternoon cortisol levels.
Although the research in this area is inconsistent (Alink et al., 2008), we expected to detect this negative
relationship by using an extended sampling protocol and sensitive behavioural measures. Third, as
suggested by our previous work on sensitivity to naturalistic stress (Ostiguy et al., 2011), we
hypothesized that high risk offspring who display frequent submissive behaviour in the natural
environment would secrete higher cortisol levels than high risk offspring with low submissive behaviour
and control offspring. Given the small sample size, the examination of statistical interactions was
considered exploratory. Other interactions examined in this study included those between sex and social
interactions, and risk group and quarrelsome behaviour.
2. Methodology
2.1. Participants
Twenty-six offspring of parents with BD (“high-risk”) and 24 offspring of parents with no affective
disorder (“control”) were recruited into the study. Sixty-four potential participants were initially contacted
to participate in the study. They were selected at random from a subject pool of 189 15—25 year olds
participating in a longitudinal study of offspring with a parent having BD or no affective disorder
(Ellenbogen and Hodgins, 2004). Out of 64 candidates contacted, 3 high-risk offspring and 11 control
offspring refused to participate. Of those who agreed to participate, 2 participants failed to perform eventcontingent recording and 3 were non-compliant with the cortisol sampling instructions. Therefore, the
final sample consisted of 23 high-risk offspring (22 having a parent with BD-1 and one having a parent
with BD-2) and 22 control offspring. All participants were administered the Structured Clinical Interview
for DSM-IV (SCID-I), Patient edition (First et al., 1997). Demographic and clinical information is
presented by group in Table 1.
Parents with BD and their spouses were originally recruited from general hospitals and consumer groups
in the Canadian province of Quebec. Parents with no affective disorder were selected from the same
geographical regions as parents with BD. All parents were administered the Structured Clinical Interview

for the DSM-III-R by experienced doctoral-level clinical psychologists, and the psychiatric records of the
parents with BD were examined to confirm the presence of the disorder.
2.2. Event contingent recording of social interactions
Event-contingent recording requires participants to provide information about designated specific events
immediately after they occur. Using standardized forms, participants recorded their behaviours during
social interactions occurring throughout the day (see procedure). They also recorded the time and location
of the interaction, the gender and role of the (primary) person they interacted with, and the presence or
absence of additional others. Moreover, if alcohol had been consumed within 3 h of the interaction,
participants were asked to write down the number of alcoholic beverages ingested.
Social behaviours were measured by asking participants to identify, from a list of items on each form,
specific behaviours that they performed during each reported interaction. Participants were told to endorse
as many or as few items that applied. Four different forms, containing different items, were administered
on alternating days to minimize response biases. The original item pool described by Moskowitz (1994)
contained 46 items classified as dominant behaviours (e.g. “I told the other(s) what to do” and “I voiced
an opinion”), submissive behaviours (e.g. ‘‘I let others make decisions’’ and “I did not express my
feelings”), quarrelsome items (e.g. “I ignored other(s) comments” and “I confronted the other(s)”), and
agreeable items (e.g. “I listened attentively” or “I expressed affection”). Mean rates of social behaviours
in this sample are reported elsewhere (see Linnen et al., 2009).
2.3. Cortisol sampling
Cortisol was measured via saliva samples obtained at 1300 h and 1500 h across the 14 days. Saliva was
absorbed into a small cotton roll and expressed through a plastic tube into a sterile vial (‘‘salivette’’
device). Saliva samples were frozen at -20°C until assayed for cortisol by a sensitive radioimmunoassay
(Lupien et al., 1996) using a commercial kit from Diagnostic Systems Laboratory (DSL-2000; Sanofi
Diagnostics, Montreal, CAN). The sensitivity of the assay was set at 0.01 μg/dl (or 0.276 nmol/l). The
inter- and intra-assay coefficient of variation for the assays were 3.6% and 4.6% (on a range of 0.01—10
μg/dl dose) respectively. Assays were conducted in the laboratory of Dr. C.-D. Walker at the Douglas
Hospital Research Centre (Montreal, Canada). Mean salivary cortisol levels in this sample are reported
elsewhere (Ellenbogen et al., 2010b).
2.4. Procedure
Participants were contacted by telephone and those interested in participating in the study were scheduled
for a laboratory visit. At the laboratory, participants provided informed consent. If the participant was
under the age of 18, informed consent was obtained both from the participant and from a parent.
Participants then underwent a diagnostic interview by an experienced clinician.
Participants were provided with three individually coloured booklets containing the event-contingent
recording forms (each booklet included forms for four days), times for saliva sampling on each day, as
well as detailed written instructions of the procedures they were to follow. Participants were asked to
complete up to a maximum of 10 event-contingent recording forms per day over a consecutive period of
14 days, and to report on social interactions occurring over the entire course of the day. Participants were
instructed to provide saliva samples at designated times and were asked to record the time at which they

provided each saliva sample, as well as their activities prior to sampling. Participants were instructed to
remove lipstick, to refrain from drinking water 5 min before sampling, and to refrain from eating,
drinking (except water), smoking and brushing teeth at least 60 min before sampling.
Participants were provided with a pre-paid envelope and asked to mail back their first booklet after
completion, as well as saliva samples collected over the first four days. Booklets were reviewed to
ascertain that participants were carrying out the instructions properly. At the end of the two weeks, a
laboratory member picked up the remaining two booklets and saliva samples, and participants were
remunerated one hundred dollars (CAD) for their participation. The study was approved by the Human
Research Ethics Committee of Concordia University (Montre´al, Canada).
2.5. Data analysis
Interpersonal behaviours were sampled along four scales, quarrelsomeness, agreeableness, dominance,
and submissiveness. For every specified interaction, ipsitized scores on each scale were computed by
dividing the number of items endorsed for each scale by the total number of items that could have been
endorsed for that scale. This quotient is subtracted from the total number of items endorsed divided by the
total number of items that could have been endorsed (n = 12). The ipsitizing procedure was deemed
necessary because individuals vary in their rate of responding with some participants generally checking
off more items than others (Moskowitz, 1994). An ipsitized score reflects the frequency with which items
corresponding to each behavioural scale are endorsed, while adjusting for participants’ general rate of
endorsing. Social interactions revealing that alcohol had been consumed within 1 h of the interaction were
excluded from all analyses.
The analyses were conducted with the multilevel modeling program HLM 6 (Raudenbush et al., 2004). In
these analyses individual data points for each participant were “nested” within each individual. While the
time-dependent data served for within-subject comparisons (the level 1 units of the analysis), the
participants’ characteristics (i.e. interpersonal behaviours) were used for between-subject comparisons
(the level 2 units of the analysis; Raudenbush and Bryk, 2002). In the within-subject analyses, the
participants’ cortisol levels (in mg/dl) were used as the dependent variable and the timing of the data
collection were used as the predictors. In the between-subject analyses, the characteristics of participants
were used to account for variability observed in the within-subject effects. Correlations between the
variables are provided in Table 2.
The analyses were conducted as follows. First, variables used as statistical controls including risk group,
sex, age, medication use, subjective compliance to the sampling protocol (in minutes before or after the
designated sampling time), were entered into the model. Next, mean ipsitized scores for submissiveness,
dominance and quarrelsomeness were entered. Interactions between social behaviours and risk group, and
social behaviours and sex, were then added to the model. Although agreeableness was measured during
the study, it was highly correlated to quarrelsomeness (r = -.71, p < 0.05). This strong negative
relationship led to multi-collinearity problems during preliminary analyses of the data. Since there was no
hypothesis based on agreeableness in the analyses, the variable was excluded.
Post hoc latent class analyses were also conducted using the M-Plus program (Muthe´n and Muthe´n,
2006). A latent class analysis is a statistical method for identifying subtypes of related cases (latent
classes) from multivariate data.

3. Results
3.1. Interpersonal behaviour and afternoon cortisol A within-subject ‘‘unconditional model’’ including
only the dependent variable (i.e., cortisol levels) revealed that 69.94% of the variance in cortisol levels
during 14 consecutive days of sampling was due to within-subject variability and the rest was due to
between-subject variability. The level-1 analysis examining the linear effect of the timing of the data
revealed, as expected, a significant decrease in cortisol over the course of the afternoon (b = -0.012, SE =
0.004, t(43) = 3.47, p < 0.05). This effect explained 1.11% of the within-subject variability.
Next, between-subject effects (level 2) were examined. Since between-subject variability in the linear
effect of time was not statistically significant (χ2(42) = 58.13, p > 0.05), the slope was set as fixed at level
2. A significant amount of variability in the cortisol afternoon intercept was found (χ2 (42 )= 71.21, p <
0.05), meaning that participants did differ in cortisol values at the beginning of the afternoon. The
between-subject control variables (risk group, sex, age, medication use, and compliance to the sampling
protocol) had no statistically significant effect (at p < 0.05) on cortisol intercept, nor did submissive or
quarrelsome behaviour. However, dominance had a significant positive main effect on the cortisol
intercept (b = 0.003, SE = 0.001, t(35) = 2.58, p < 0.05) which explained 4.35% of the between-subject
variability. Dominance was positively associated with cortisol levels.
Exploratory interactions between risk group and sex with dominance, submissiveness and
quarrelsomeness were added to the model. Only one of the interactions had a statistically significant
effect. There was a significant risk by quarrelsome interaction (b = -.019, SE = 0.009, t(29) = 2.06, p <
0.05). The risk group by quarrelsome interaction explained an additional 13.63% of the remaining
between-subject variability on the cortisol intercept. Interestingly, the effect of dominance on cortisol
levels reported above did not differ across the risk groups.
Simple slope analyses were conducted to examine the effect of risk group on cortisol levels among
participants reporting low levels of quarrelsome behaviours (1 standard deviation below the mean) and
high levels of quarrelsome behaviours (1 standard deviation above the mean). In control offspring, the
slope was not significantly different from zero (b = 0.001, t(29) = 0.90, p > 0.05). In high risk offspring, the
slope depicted a negative relationship between quarrelsome behaviours and cortisol levels, which was
significantly different from zero (b = -.003, t(29) = 1.78, p < 0.05). That is, elevated levels of quarrelsome
behaviour were associated with decreases in cortisol levels among the high-risk offspring but not control
offspring (Fig. 1).
Finally, we examined whether the presence of mental disorders in high risk participants accounted for the
reported findings regarding quarrelsome behaviour. We repeated the analyses described above replacing
the medication control variable with lifetime history of any mental disorder. The quarrelsomeness × risk
group interaction still predicted the cortisol intercept (b = -.020, SE = 0.009, t(29) = 2.32, p < 0.05).
3.2. Latent class analyses
Given the different patterns of findings for the interpersonal variables, event-contingent ratings of
dominance, submissiveness and quarrelsomeness were subjected to latent class analysis to identify
whether there were groupings of individuals with different profiles on these three variables. A three class
solution was identified as the best fit to the data with a significant bootstrapped likelihood ratio test for

two versus three classes ( p < 0.05), acceptable class proportions (>5%), and acceptable average latent
class probabilities for most likely latent class membership (>95%). The groups were labelled as follows:
(1) an average group (80% of the sample), consisting of offspring with means on dominance,
submissiveness and quarrelsomeness that were not statistically different from the overall mean, (2) a low
dominance group (11% of the sample), consisting of offspring with a dominance mean significantly
below the overall mean ( p < 0.05) and (3) a high dominance/low submissiveness group (9% of the
sample), consisting of offspring with a dominance mean significantly above the overall mean ( p < 0.05)
and a submissiveness mean significantly below the overall mean ( p < 0.05).
The group classifications were then included in multilevel modelling analyses, to determine whether the
groups differed in cortisol levels. The high dominance/low submissiveness group had significantly higher
cortisol levels than the average and low dominant groups (b = 0.135, SE = 0.033, t(33) = 4.42, p < 0.05),
even after controlling for risk group, sex, age, medication use, and sampling compliance.
4. Discussion
As the primary aim of the study, we examined the relationship between interpersonal functioning and
afternoon cortisol levels across 14 consecutive days. Unique to this area of research, interpersonal
behaviours associated with status and affiliation were assessed during naturally occurring social
interactions. On the status axis, we failed to confirm our hypothesis that social submissiveness would be
positively associated with afternoon cortisol levels. Rather, we found a significant positive relationship
between reported mean levels of dominant behaviours and cortisol levels. On the affiliation axis, we had
expected to find a significant negative association between quarrelsome behaviours during social
interactions and cortisol levels. The hypothesis was partially supported in that the negative relationship
was observed among the offspring of parents with BD but not among offspring of parents having no
affective disorder.
Individuals who reported frequent dominant behaviours during their social interactions exhibited elevated
afternoon cortisol levels over the 14 days of data collection. Latent class analyses of the afternoon data
revealed that this effect was largely driven by a subgroup of participants high in dominance and low in
submissiveness. These participants displayed significantly higher afternoon basal cortisol levels than
individuals who reported either average or low levels of dominant behaviours, as well as those reporting
average levels of quarrelsome and submissive behaviours. The positive relationship between social
dominance and basal cortisol is inconsistent with several studies in human and non-human primates
indicating that social subordination, relative to social dominance, incurs greater psychological stress and
heightened HPA activity (Sapolsky, 1990; Scerbo and Kolko, 1994; Shively et al., 1997; Decker, 2000;
Gunnar et al., 2003). However, research on basal HPA activity and social status has been equivocal, and
the nature of this relationship may vary across social context (Abbott et al., 2003). For example, some
studies of non-human primates have reported a positive relationship between basal cortisol and
dominance (Mendoza et al., 1978; Kimura et al., 2000; Czoty et al., 2009). Research among olive
baboons has shown that during periods of social stability, subordinate males are exposed to more stressors
than dominant males, and secrete higher basal cortisol levels than dominant males (Sapolsky, 1990).
Conversely, during periods of social instability, when dominant males can descend in social standing,
they display higher basal cortisol levels than subordinate males, who have an opportunity to rise in social
standing (Sapolsky, 1992). Similar observations have been reported among children. Compared with shy

and submissive children, dominant children exhibit higher basal cortisol levels at the beginning of the
school year as they struggle to establish social standing, followed by lower mid-year cortisol levels when
their peer relationships have stabilized (Gunnar, 1994).
Therefore, one possible explanation of the present finding linking high dominance to high cortisol levels
is that dominant offspring were interacting within an unstable social environment. The age range of the
current sample indicates that most participants were studied during the transition from adolescence to
adulthood. During adolescence, there is evidence that peer and romantic relationships are generally
unstable (Zimmer-Gembeck, 1999; Bowker, 2004). Adolescents high in social dominance may therefore
find themselves in a precarious, and possibly stressful, situation. Social dominance might also induce
psychological stress among young adults who are transitioning to college and/or the work force, and are
attempting to establish social standing in new environments. Instability in the developmental transition
from adolescence and adulthood is further magnified, in one half of the sample, by having a parent with
BD. The offspring of parents with BD, for example, report more chronic interpersonal and noninterpersonal stress than the offspring of parents with no affective disorder (Ostiguy et al., 2009).
Unfortunately, data on developmental transitions or social instability were not collected in the present
study; future research should test this hypothesis directly.
Other factors might also influence the relationship between social dominance and the HPA axis. Wirth et
al. (2006) demonstrated that the degree to which individuals seek dominance over others (termed implicit
power motivation) influences their cortisol responses to victory or defeat during a competitive computer
task. A strong desire for dominance was associated with a cortisol increase in response to defeat, but not
in response to victory. In the present study, dominant behaviours were expressed in efforts to impact other
people. However, it is not known to what extent dominant offspring’s ability to impact others was
successful. A general inability to dominate others and/or a heightened sensitivity to social failure may
have increased stress and stimulated the HPA axis. In order to empirically test this hypothesis, future
studies would need to examine the corollaries associated with dominant behaviours during social
interactions.
As a secondary goal of the study, we examined whether risk group, as defined by having a parent with
BD or having two parents with no affective disorder, was associated with increased reactivity to social
interactions in the natural environment. It was predicted that the offspring of parents with BD who
reported high levels of social submissiveness would secrete higher levels of cortisol than participants low
in submissiveness or control offspring. No support of the hypothesis was found, which was inconsistent
with a previous study showing that elevated interpersonal stress was associated with higher cortisol levels
in the offspring of parents with BD relative to the offspring of parents with no affective disorder (Ostiguy
et al., 2011). The divergent results of these studies suggest that submissiveness in response to social
interactions is not a central component of the interpersonal stress reported by Ostiguy et al. (2011), which
was assessed by clinical interview and focused on broad areas of chronic stress over a six month period.
Moreover, because the measurement of social behaviour was so different between studies, it is difficult to
make meaningful direct comparisons. Increased cortisol reactivity to interpersonal stress among the
offspring of parents with BD, detected by Ostiguy et al. (2011) but not in the present study, may indicate
that the heightened reactivity is more closely related to chronic stress and exposure to multiple negative
life events than normative daily social interactions.

In contrast to the data on submissiveness during social interactions, risk group moderated the relationship
between quarrelsome social interactions and cortisol levels. The offspring of parents with BD who
reported high social quarrelsomeness had lower levels of cortisol than high risk offspring with low
quarrelsomeness and control offspring. Because of the small sample size, this finding should be
interpreted with due caution. Both a flattened diurnal slope and low levels of cortisol have been
associated with antisocial behaviours in adolescence (Shoal et al., 2003; Haltigan et al., 2011; Ruttle et
al., 2011), particularly among clinical samples (Pajer et al., 2001, 2006; Popma et al., 2007). Some studies
of non-clinical samples have failed to replicate this pattern of association (Klimes-Dougan et al., 2001). It
is likely that abnormal HPA activity is more strongly related to overt expressions of aggression and
delinquency that are characteristic of more severe externalizing problems (Alink et al., 2008). Within the
present sample, high risk offspring self-report significantly more aggressive and delinquent behaviours on
the Child Behaviour Checklist (Achenbach and Rescorla, 2001) than control offspring (Linnen et al.,
2009). Although high risk offspring do not report significantly more quarrelsome behaviours in their
social interactions than control offspring, it is possible that high risk offspring exhibit more severe forms
of quarrelsome behaviours when interacting with others. Accordingly, among high risk offspring who
develop BD, there is evidence of a sub-group characterized by antisocial behaviour during childhood and
adolescence who exhibit a more severe course of BD, including more hospitalizations and episodes, and a
higher prevalence of psychotic symptoms during manic episodes (Carlson and Weintraub, 1993; Carlson
et al., 2000). It is possible that within this sub-group, cortisol levels are inversely associated with conduct
problems and represent a biological marker for the onset BD.
The finding of low cortisol levels among quarrelsome offspring of parents with BD is contrary to other
studies in this high risk population, where elevated cortisol levels have been reported (Ellenbogen et al.,
2006a, 2010b). High cortisol levels, rather than low levels, predict the prospective development of an
affective disorder (Ellenbogen et al., 2011). However, the findings associated with elevated cortisol levels
may pertain to the development of major depression rather than BD. Clearly, there is heterogeneity in the
developmental trajectories and outcomes of the offspring of parents with BD (Reichart et al., 2004;
Klimes-Dougan et al., 2010), and the present findings may represent one such example of this. Future
research in larger samples will be needed to better delineate distinct developmental trajectories among the
offspring of parents with BD.
The present study has several limitations. First, even though event-contingent recording reduces the
retrospective bias associated with self-report questionnaires, it remains a subjective measure intended to
assess one’s perceptions of their behaviours during naturally occurring social interactions. Therefore, it is
not known whether participants reported behaviours that accurately depicted how they actually behaved
during their social interactions, or whether participants are biased in the selection of interactions they
choose to record. Second, the system of event-contingent recordings used in this study did not code for
the behaviour of the person the participant was interacting with. Rather, recordings were limited to the
behaviours of the participants. As described previously, the absence of information on the response to a
participants’ behaviour meant that it was impossible to assess the effectiveness or success of participants’
social behaviours on their social environment. Third, because our study employed a correlational design,
we cannot infer the direction of causation between interpersonal behaviours and cortisol levels. For
example, we cannot rule out the possibility that individuals with higher basal cortisol levels were
predisposed to report more dominant behaviours, or to appraise their behaviour as being more dominant,
or to act in a more dominant fashion during social interactions. Cortisol reactivity to stress is associated

with faster shifts of attention towards, and slower disengagement from, pictures depicting threat and anger
(Ellenbogen et al., 2006b, 2010a), which could signal a dominance-related response. To elucidate the
nature of this relationship, it would be interesting to assess changes in cortisol reactivity in response to
dominant behaviours during social interactions, or to examine how exogenous glucocorticoids influence
laboratory assessments of dominance. It would also be useful to measure basal testosterone levels in
addition to cortisol levels. Testosterone has been established as a neuroendocrinological marker of
dominance (Bernhardt, 1997) and appears to interact with cortisol levels to predict dominant behaviour
(Mehta et al., 2008; Mehta and Josephs, 2010). Lastly, the present study lacks power to adequately
identify subtypes of behavioural patterns that may contribute to HPA abnormalities and the development
of mental disorder. Future studies in larger samples are needed to replicate these effects.
In conclusion, these data support the view that HPA functioning is sensitive to status-related (dominancesubmissiveness) social behaviour in late adolescence and young adulthood. A two-week protocol of
repeated saliva sampling and event-contingent recordings of social interactions in the natural environment
revealed a novel positive relationship between cortisol levels and dominant behaviour. Similar to indices
of chronic stress (Ostiguy et al., 2011), dominant behaviours during social interactions in late adolescence
and young adulthood may exert a physiological cost on HPA functioning. Among the offspring of parents
with BD, a different pattern emerged. Relations between cortisol levels and status-related behaviours
were absent. Instead, elevated levels of quarrelsomeness during social interactions among the offspring of
parents with BD were associated with hypoactivation of the HPA axis, possibly identifying an important
sub-group of high risk offspring at risk for externalizing problems and more severe course of BD.
Unfortunately, the mechanisms by which these relationships occur is not known, so future studies need to
address direct and indirect pathways from interpersonal relations to neuroendocrine function.
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Figure 1 Simple slopes depicting the relationship between quarrelsome behaviours and cortisol levels in the offspring of parents
with bipolar disorder (high risk; n = 23) and offspring of parents with no affective disorder (control offspring; n = 22).
Quarrelsome behaviours were sampled using event-contingent recording and were reported during naturally occurring social
interactions over a 14- day period. Salivary cortisol levels were collected twice daily (1300 h and 1500 h) over the same 14-day
period. Low (high) levels of quarrelsome behaviours are defined as one standard deviation below (above) the mean of the
distribution of quarrelsome behaviours reported by the full sample. Simple slope analyses indicate that the slope in control
offspring did not differ significantly from zero (b = 0.001, t(29) = 0.90, p > 0.05). The slope in high risk offspring, in contrast,
was significantly different from zero (b = -.003, t(29) = 1.78, p < 0.05), revealing a significant negative relationship between
quarrelsome behaviours and cortisol levels.

